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SUMMARY 
The work described in t h i s thes i s was carr ied out in 
the context of transformations of eas i ly avai lable simple 
oxygen hetrocycles to more complex compounds of s t r uc tu r a l 
and poss ib le pharmacological i n t e r e s t . In some cases the 
react ions took a different course from tha t expected and, 
besides leading to novel compounds, proved to be of mechanistic 
i n t e r e s t . The thes i s includes a brief review of recent work 
on 4-hydroxycoumarin and 4-hydroxy-6-methyl-2H-pyran-2-one 
( t r i a c e t i c acid lac tone) - which served in most cases as the 
s t a r t i n g mate r i a l s . 
The reac t ion of 3-bromo-4-hydroxycoumarin with formalin 
This work was carr ied out in the hope tha t i t would 
lead to a more r e l i ab le synthesis than h i t h e r t o avai lable of 
3-formyl-4-hydroxycoumarin in good yields so as to make i t 
possible to study the react ions of 5-formyl-A-hydroxyeoumarin 
more fu l ly . Through a complex sequence, the reac t ion , however, 
afforded instead 2,3-dihydro-?-(?-hydroxybenzoyl)-4H-furo 
f3»2-c] r i ] benzopyran-4-one (22) and 2-(?-hydroxybenzoyl)-4H-
furo f5 ,2-c ] [1] benzopyran-4-one (67). These two compounds had 
been obtained in e a r l i e r work in th i s laboratory in the U^SO/ 
AC2O oxidation of 4-hydroxyccumarin but while the nv^ SO/AcpO 
react ion i s only of mechanistic in t e res t the new procedure is-
of preparat ive value. 
(22) (67) 
The required 3-forrayl^4-hydroxycounjarin was then 
prepared in 58% yield by treatment of 4-hydroxycoumarin with 
moist e thyl orthoformate containing a t r a c e of PTS, a proce-
dure which i s more convenient , r e l i a b l e and gives much better 
yie lds than methodsgiven in l i t e r a t u r e • . 
The reac t ion of 3-formyl-4-hydroxvcoumarin with react ive 
nucleophiles 
Subsequent work centred around the react ions of 
d i f fe ren t aldehydes and 3-forrayl-4-hydroxycoumarin with reactive 
nucleophiles such as 2'-hydroxy-2-nitroacetophenone, coumaran-
3-one and t r i a c e t i c acid lac tone . The react ion of 2'-hydroxy-
2-nitroacetophenone with d i f fe ren t aldehydes exhibited a 
s e l ec t ive behaviour affording with formaldehyde the oxims of 
coumaran-2,3-dione ra ther than chromanone- which was formed, 
however, with benzaldehyde. 
3-formyl-4-hydroxycoumarin did not react in the 
absence of la rger than the usual c a t a l y t i c amounts of pyridine. 
I t gave three compounds which were iden t i f i ed as 7-nitromethyl-
4H-pyrano b i s f 4 ' , 3 ' - c ; 4", 3 " - c ' ] f l ' , 1" ] benzopyran-6,8-
dione(83), 3-[2'-hydroxybenzoyl)-4H-f1} benzopyran-4-one(86) 
and A-hydroxy-3-coumaranyl ethyledine couraaran-3-one (89) 
through analysis of t h e i r spec t ra l da ta . (86), however, appears 
t o be a mixture of 2 s imi la r compounds which could not be resolved. 
(86) 
(83) 
(89) R'= R" = H 
(89b) R'= R" =CH 3 
The product of the react ion of coumaran-3-one with 
aromatic aldehydes are ary l id ine couinaran-3-ones(aurones). 
A s imi la r product was expected with 3-formyl-4-hydroxycoumarin 
but in t h i s case the react ion supplied instead 2,3-dihydro 
r2 ,3-b] benzopyrano-4H-furor3t2-c}ri] benzopyran-12-one (96) 
0 
through rearrangement 
H 
(96) (98) 
Tr iace t ic acid lactone reac ts with aromatic o-hydroxy-
benzaldehyde to give acetoacetyl coumarin. Since 3-formyl-4-
hydroxycoumarin i s analogous t o sal icylaldehyde i t was t rea ted 
with the lac tone . The react ion supplied the expected 3-aceto-
acetyl pyrano [3f2-c] benzopyran-2, 5-dione (98), some further 
reac t ions of which are being separately s tudied. 
The reac t ion of t r i a c e t i c acid lactone with ethyl orthoformate. 
In an ef for t t o extend the react ion of ethyl ortho-
formate to t r i a c e t i c acid lactone and prepare the corresponding 
5-formyl der iva t ives the lactone was t rea ted with ethyl ortho-
formate under conditions s imi la r to those employed for 4-hydroxy-
coumarin. 
The react ion supplied a product which was iden t i f ied as 3-
acetoacetyl-y-methyl pyranc [4 ,3-b] pyran-2,5-dione (103). 
This work was done without p r i o r knowledge of the reaction of 
ethyl orthoformate with the lactone under basic conditions 
reported some time previously. Comparison with sample prepared 
by published procedure revealed the two t o be iden t i ca l and so 
the s t ruc tu re (99) assigned to the compound by e a r l i e r workens ' 
should be revised to (103). 
(99) (103) 
The react ion of 3-acetoacetyl-7-methyl pyrano r4,3-bl pyran-2, 
3-dione (103) with phenylhydrazine, hydroxylamine and ammonia* 
The compound (103) cons t i tu t e s a protected polyketo-
methylene and so could be a source of other i n t e r e s t i ng he t ro-
cycles . I t s reactionswith aqueous hydroxylic bases proved too 
des t ruc t ive but with the nitrogenous bases, phenylhydrazine, 
hydroxylamine and ammonia novel het rocycles 3,7-diraethyl-1, 9-
dioxo-IH, 9H-pyrano r3 ,2 - c ; 5 ,6-c ' ] dipyran-5-N-anil ine (110), 
2* ,7-dimethyl-3-isoxazole-2-oxopyrano f^,3~ti] pyran-2-one (121) 
and 5,7-dimethyl-IOH-pyridino [3,'^-ci 5 .6 -c ' ] d ipyran-1, 9-
dione (123) were obtained. 
(110) 
(121) (125) 
The reaction of 3-formylchromone with trlacetic acid lactone 
and 4-hydroxycouroarln» 
Finally the reaction of the lactone and 4-hydroxy-
coumarin with 3-formylchromone was studied. The lactone did 
not react with the formylchromone but apparently catalysed its 
decomposition to the known compound a-(chromone-5yl)-3- salico-
ylethylene (125) which was obtained earlier by Schonberg through 
base catalysed decomposition of chromone. The mechanistic possi-
bilities for its formation from formylchromone are discussed in 
the light of the result that though the lactone can be replaced 
by AcOH the reaction is then much slower. 
(125) 
4-hydroxycoumarin r eac t s with 3-forniylchronione almost 
Instantaneously to give a l i g h t yellow product which has been 
assigned the s t ruc ture 3-(2-hydroxybenzoyl)-4H-r1](benzopyran-
4-one-3yl)-2H-[l] pyrano r3 ,2-b]Tl] benzopyran-5-one (128) on 
the basis of detai led spec t ra l analysis and reactions of 
formylchromone with subs t i tu ted coumarins. 
(1?8) R'=R" = H 
(128b) R'=R" =CH 
(137) 
The unusual linkage of the chromone moiety and absence 
of a coumarin nucleus created doubts about the correctness of 
conclusions reached on the basis of spectral analysis. Chemical 
support fcr the assigned structure was obtained through its 
59 
methylation with CH^l/Ag20/CHCl, which gave 3-[4-methoxy-3-
coumaranyl)-2-(2'-methoxybenzoyl)-1-hydroxy f1] (benzopyran-4-
one-3yl) propene-2 (137) with prominent carbonyl a b s o r b t i o n a t 
1720 cm"''. 
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I N T R O D U C T I O N 
INTRODUCTION 
The s t a r t i n g p o i n t of work p r e s e n t e d i n t h i s t h e s i s i s 
t h e s y n t h e s i s of 3 - fo rmyl -A-hydroxycouraa r in . While much work 
has been done on 4-hydroxycounia r in and 3 - fo rmylchromone has 
s e rved a s s t a r t i n g m a t e r i a l f o r some n o v e l h e t e r o c y c l i c s y s t e m s , 
3 - f o r m y l - 4 - h y d r o x y c o u m a r i n has r e c e i v e d on ly c u r s o r y a t t e n t i o n . 
I t s p r e p a r a t i o n by p u b l i s h e d p r o c e d u r e s ' ' g i v e v e r y poor r e s u l t s -
and an a t t e m p t was , t h e r e f o r e , made t o s y n t h e s i s i t by t r e a t m e n t 
of 3 -b romo-4 -hydroxycoumar in w i t h f o r m a l i n . The r e a c t i o n gave 
u n e x p e c t e d l y ? , 3 - d i h y d r o - ? - ( ? - h y d r o x y b e n z o y l ) - 4 H - f u r o [ 3 , 2 - c ] r 1 ] 
b e n z o p y r a n - 4 - o n e (22) and 2 - ( h y d r o x y b e n z o y l ) - 4 H - f u r o r 3 , 2 - c ] 
b e n z o p y r a n - 4 - o n e ( 6 7 ) , of which (22) was one of t h e p r o d u c t s of 
t h e DMSO/AcpO o x i d a t i o n of 4 -hydroxycoumar in . A more r e l i a b l e 
p r o c e d u r e f o r t h e s y n t h e s i s of t h e d e s i r e d compound was found i n 
f o r m y l a t i o n w i t h e t h y l o r t h o f o r m a t e / P T S i n t h e p r e s e n c e of t r a c e s 
of m o i s t u r e . When t h i s r e a c t i o n was e x t e n d e d t o t r i a c e t i c a c i d 
l a c t o n e i t gave a p r o d u c t which from i t s deep y e l l o w c o l o u r 
a p p e a r e d i d e n t i c a l wi th t h e d i m e r i c compound o b t a i n e d by e a r l i e r 
w o r k e r s by t h e a c t i o n of D M F / P O C I , , or e t h y l o r t h o f o r r a a t e - p i p e r -
i d i n e i n t o l u e n e on t h i s l a c t o n e . The s t r u c t u r e a s s i g n e d t o 
t h e compound, however , d i d n o t f i t t h e r e s u l t s of i t ' s m e t h y l a -
t i o n and a more d e t a i l e d i n v e s t i g a t i o n f o r c e s i t s r e v i s i o n t o 
3 - a c e t o a c e t y l - 7 - m e t h y l p y r a n o r 4 , 3 - b ] p y r a n - 2 , 5 - d i o n e ( 1 0 3 ) . 
I n c o n t i n u a t i o n of t h i s work t h e r e a c t i o n of 2 ' - h y d r o x y -
2 - n i t r o a c e t o p h e n o n e , coumaranone and t r i a c e t i c a c i d l a c t o n e , w i t h 
3-formyl-4-hydroxycoumarin and of 3-i"ormylchronione with t r i -
ace t ic acid lactone and 4-hydroxycouraarin were invest igated 
and the r e s u l t s , which are of mechanistic i n t e r e s t and have 
led t o compounds of possible pharmacological value are reported 
in the t h e s i s . The thes i s includes a br ief review of recent 
work in t h i s area . 
T H E O R E T I C A L 
THEORETICAL 
The work on the synthesis of new heterocyclic systems and 
compoxonds of pharmacological interest has made extensive use of 
4-hydroxycouraarin and its derivatives. This is due to the readi-
ness with which it reacts at position-3 with electrophiles and 
propensity of the 4-position to nucleophilic attack. Another 
possibility is opening of the lactone ring followed by loss of 
carbon-dioxide. In the context of further work on 4-hydroxy-
coumarin - a survey of the literature was done and some relevant 
examples are discussed below. 
i). Addition to a,g-unsaturated ketones. 
One of the earliest reactions of this category is the 
synthesis of warfarin through condensation with benzal acetone . 
The reaction with mesityl oxide belongs to the same category but 
has been the subject of some controversy. The more polar product 
of the reaction was formulated as (1) by Ikawa and in a later 
Q 
Study Hutchinson confirmed this on the basis of spectral data 
HO H 
O^^o 
(1) (?) 
such as UV corresponding to that of 3-substituted ^-hydroxy-
coumarins-S) C»0 1668, assigned to side chain carbonyl, methyl 
resonances at 6 1.05, 1»25, 1»73, of which the last is obviously 
too high a value for acetyl methyl and hence cyclisation to (2) 
in TFA, the solvent which had to be used for nmr, as the compound 
was best soluble only in it, was assumed. In a later study 
q _1 
Talpatra^ et al- without mentioning the band at 1668 cm and 
explaining the acidic nature assign structure (2) to the compound. 
Their main argument, the high value (6 1.6 in DMSO d ) of the 
methyl is flawed by the fact that solvent effect has not been 
taken into account. The less polar product was erroneously 
assigned structure (3) by Ikawa' which was revised to (4) by 
Q 
Hutchinson. Talpatra et al^ also formulate warfarin as (5) on 
the basis C=0 1678 cm (the low value for coumarin carbonyl is 
intriguing) and 6 CDCl, 1.66 [3Hs3, Of interest is also the reaction 
with cinnaraaldehyde which gives (6) with opening of the lactone 
ring. 
(^ ) (^ 0 
.^^^\^H 
(ii) 
(5) ' (6) 
Reaction with aldehydes and other carbonyl compounds. 
Simple aldehydes eg. Ph CHO, CH,-CHO give substituted 
dicoumarols but further modifications are possible with aldehydes 
10 
carrying neighbouring substituents. Thus with salicylaldehyde 
the product is 7 -(4-hydroxy -3-coumaranyl) benzopyrano [3»2-c] 
coumarin (7). When 2-hydroxy-3-methoxy benzaldehyde is employed 
(7) (8) 
and the reaction time kept short the product is 3-^2-hydroxy-3-
methoxy benzylidene] 2,4-dioxochromone (8) - instead of the cyclic 
ether analogous to (7) which is formed under different conditions, 
11 Also interesting in this context is the reaction of epoxypropanol 
which leads to (9). 
0 
^ ^ 
b 
(9) 
-CH20H 
The product resulting from the reaction of ethyl aceto-
12 
acetate with ^-hydroxycoumarin(Pechmann condensation) using TFA 
as a catalyst was initially given the structure pyrano r3,2-c][1]-
benzopyran-4, 5-dione (10) but this was subsequently revised to 
that of the isomeric 2, 5-dione (11). The 4,5-dione (10) was 
obtained by Praill -^ through the action of acetic anhydride/HClO, 
on either 4-hydroxycouniarin or 3-acetyl-4-hydroxycoumarin, and by 
14 15 
Woods and Mustafa through HpSO, or AlCl, catalysed condensation 
of 4-hydroxycoumarin with 3-chlorocrotonyl chloride. These results 
1 ft 
are in conflict with those of VHialley , who was unable to get (10) 
13 by Praill's method and obtained instead the dihydroderivative(12) 
0^0 
CH, 
with crotonyl chloride employing TiCl^ as catalyst. He therefore, 
had to interpose a dehydrogenation step to get to the fungal 
metabolite citromycinone (12)-from 6,7-dimethoxy-4-hydroxycoumarin. 
(^ 2) in, 
•5 1 9 
Pechmann condensation of cyclohexanone and cyclopentanone 
carboxylates, in accordance with data discussed above gives the 
dilactones (13) and (14). 
0 . ^ Ov<o 
(13) (14) 
More recently the furocoumarin (15) has been obtained 
through PTS catalysed condensation of 4-hydroxycoumarin with 
20 benzoin . The most likely mechanism involves nucleophilic attack 
at C-k of the coumarin. 
HO-^^Ph 
(15) 
Formally in the same category belongs the reaction of 
o-aminobenzaldehyde~ , which, depending on conditions, gives 
either (16) or (17). 
(16) (17) 
The primary product ( A) of the reaction with naphthoquinone 
cyclises similarly through nucleophilic attack at C-^ to give (18). 
22 
(A) (18) 
' ^ ^ ^ ^ 
A radically different mechanism has to be assumed for 
the reaction with methylene iminewhich gives (19). 
CH2=NH 
0\<:P 
H2-NH2 
(19) 
This reaction apart the Mannich reaction is not of much 
use as it can lead only to dicoumarol or its derivatives. Phenolic 
and ketonic Mannich bases ^' , however, react to give 3-substi-
tuted coumarin e.g.(20) and (21), 4-hydroxycoumarin also under-
goes coupling with aryl diazonium salts and structure of the 
product is the subject of some controversy .^ 
<^ 
,CHoNEt l  El O T 
"^ ^^ ./^ H Ph(OH) 
(?o) 
R 
^^^P (CH^)2NH/CH2=C-C0R 
CH- R 
^NH-CHp-CH-COR 
(21) 
The most i n t e r e s t i n g t r a n s f o r m a t i o n with n i t rogenous bases 
i s t h e r e a c t i o n of t e t ra iodohexamethy lene te t ra ra ine r e p o r t e d by 
Checchi . The i n i t i a l product i s aga in dicoumarol but i t r e a c t s 
f u r t h e r with iod ine t o give (22) . 
(?2) 
I x 
Acetylatlon, formylatlon, bromination and nitration of A-hydroxy-
coumarin. 
27 Acetylation has been effected with neat Ac^O at high temp. 
and with Ac-O/Py. The o-acyl derivative rearranges at higher 
temperature (180*C) to C-3 acyl. A novel trifluoroacetic acid 
catalysed migration to the adjacent benzene ring has been reported 
by Woods . Ahluwalia ^ has reported, however, formation of 
4-acetoxy-3-N-acetyl-1•, 2'-dihydro-2-pyridyl coumarin in the 
pyridine catalysed reaction. Best yields of the acetyl compound 
were obtained by other workers in this laboratory by the Eisemhouer 
and Link-^  procedure which employs acetyl chloride/pyridine/piperi-
dine. 
There is no really satisfactory procedure for 3-formyl-
4-hydroxycoumarin which has been prepared in low yields by Ziegler 
and Checchi through Vilsmeier-Haack reaction and Schiff's,base. 
3-bromo-4-hydroxycoumarin has been prepared with Brp/AcOH 
but ring bromination occurs simultaneously and altogether six side 
products are formed . 
•z•^ 
3-nitro-A-hydroxycoumarin is readily obtained through 
nitration in ACOH/HNO,. It decomposed in aqueous KOH with COp 
elimination to 2'-hydroxy-2-nitroacetophenone. It is worth nothing 
that 4-hydroxycoumarin is resistant to such alkaline conditions but 
^2 4-methoxycouraarin-^  is unstable and its alkaline degradation has 
been the subject of a detailed study. Structurally 4-hydroxy-
coumarin is a 0-diketone as well as a heterocyclic phenol. 
u 
Properties connected with these structural features come into 
play in its reaction with DDQ^^, DMSO/AcpO^ and K^Fe(CN)g/bases'^, 
Kfm^ 
^o>^^^ 
^-O^^OH 
(25) (2^) 
While 3-forinylchromone has served as starting material for 
many novel heterocycles 3-formyl-4-hydroxycoumarin has not been 
put to much synthetic use. Recently new pyrazoles derivatives 
were, however, obtained through treatment of phenylhydrazine with 
3-acetyl-4-hydroxycoumarin . 
The hydrazone (26) of 3-acetyl-^-hydroxycoumarin was 
earlier shown to undergo nucleophilic ring opening on heating 
To 
with acetic acid and the product was cyclodehydrated to (27)• 
CH, 
POCl 5-^ 
(27) 
Recently it has been shown that on heating with h% 
ethanolic HCl it is converted to (28). Further if it is heated 
with one equivalent of phenylhydrazine hydrochloride in acetic 
acid the isomeric (29) is obtained which must involve the following 
mechanism. 
0^^ 
NNHPh 
pNNHPh 
(26) 
-NHpNHPh 
0^^^ 
3H 
NNHPh 
(^9) 
(28) ph^N 
Because of their structural similarity the chemistry of 
triacetic acid lactone resembles that of 4-hyclroxycoumarin but it 
is more labile under alkaline conditions, hydrolytic ring opening 
with loss of carbon dioxide followed by further decomposition and 
condensation of the diketomethylene intermediate leading to 
mixtures. Careful hydrolysis of the 3-acetyl derivative (dehydro-
acetic acid) and pyranopyrones-^ '^ , however, gives aromatic compounds 
formation of which has been investigated in the context of bio-
genetic studies with protected polyketomethylenes. Thus dehydro-
acetic acid, >rtiich is converted to triacetic acid lactone-^  with 
98% HpSOi, reacts with alkali under various conditions to give 
mixtures from which low yields of orcinol (30) have been obtained. 
Me 
(^ 0) 
Since the 3-position of the lactone has nucleophillc 
properties like that of 4-hydroxycoumarin Michael addition and 
aldol condensation occur readily here also and lead to more 
complex 3-ketoraethylenes, Their base induced decomposition under 
controlled conditions has led to aromatic acids, isocoumarins, 
and other naturally occuring compounds for which an acetate origin 
via polyketomethylenes has been postulated. 
u J
37 Condensation of the lactone with cyanoacetic ester-^  , 
malonyl chloride or ethylchloroformyl acetate in trifluroacetic 
acid, gives the pyranopjrran (31). With malonic ester the reaction 
proceeds further to give the trilactone (32). 
)H 
O-^o 
(31) 
Micheal addition involving the pyridine catalysed reaction 
with crotonyl chloride^ gives (34) rather than (33) as observed 
in connection with radicinin synthesis, (34) is formed with the 
more reactive saturated 0-chlorobutyryl chloride with crotonyl 
chloride under TiCl, catalysis. -
R 
R=CH' 
(33) (34) 
In the case of dehydroacetic acid base catalysed reactions 
occur normally at the acetylmethyl group. Condensations .at the 
6-methyl group have been effected in liquid ammonia and involve 
lo 
the trianion (35). (35) reacts with propyl bromide to give (36) 
and with benzophenone to give (37). The 6-methyl is more reactive 
if it carries another activating group as exemplified by the 
conversion of (38) to (39). 
X Ac^o/Py. 
(38) 
Alkylation of the 6-methyl of triacetic acid lactone with 
n-butyl lithium, as in the synthesis of phacidln (-.AO)is based on 
the same principle of selective reaction at the harder basic carbon. 
)H OH 
0^0 
( i ) BuLi 
( i i ) RBr 
(i)(CH^)gSO^/KgCO^ 
( i i ) MeOCHCl-,/TiCl, 
( i i i ) SeO, 
(40) 
Canadian workers have also investigated the methylation 
of dehydroacetic acid with diazomethane and dimethyl sulphate-base. 
The reaction with diazomethane gives almost exclusively the 
A-methoxy compound (41) but some rearrangement to the 3-acetonyl-
6-methyl pyrone also occurs in this reaction alongwith methylhtionc 
both 2 as well as 4-positions Ijb give (43)and(44). It seems that 
when there is no hydrogen bonding with the 4-hydroxy group methyla-
tion can occur at both 2 and 4-positions. 
(41) (42) 
Q 
CH 
^^O^^CH 
0 
H. 
(45) (44) 
Triacetic acid lactone reacts with trialkoxonium tetra-
fluoroborate to give just the borondifluoride (45) but if the 
OH group has been acylated beforehand the product is (46) which 
on mild hydrolysis is converted to 4-pyron (47). A similar 
sequence with 4-hydroxycouraarin converts it to 2-alkoxychromones, 
]'S 
(A5) 
CH 
X 
I 
(46) 
CH, 
(A7) 
Micheal addition of the lactone to ethylpropiolate and 
acetylene dicarboxylate was studied by Tan and TJia * . The 
initial addition product (48) adds another molecule of the lactone 
to give (49) which then cyclises as in xanthone formation to (50). 
Spectral results lead to the conclusion that (48), at least in 
chloroform solution exists as (48 b) rather than in the isomeric 
forms (48a) and (48 c). (50) was also one of the products result-
ing from the condensation of the lactone with malic acid, the major 
component of the Pechmann reaction being the expected compound (51)• 
With acetylene dicarboxylate the lactone gives two products 
involving addition at a or 3 carbon of (48). 
PI 
Cs) 
1. 
LHCS)/^^^^O CH 
02Et 
(50) 
ft 
x^ 
D 
(51) 
^ i ; 
X \^2 ( i A l - ^ 
j^ HCOH ( i i i ) Lactone 
C02H 
(50) 
(48 b) 
H3^^^0^^O 
0 H^02R 
u^C^O^^^ 
(48) 
(48 a) 
Me02G 
H ^ C ^ ' - ' ^ (52) 
O^Et 
D 
R= COnMe, R^ =Me 
' ' ' ' Ri H R^ M^e 
f2 
CH-
0 0 
H,C CH-
(50) 
•dl 
R 
In the context of substitutions at C-3 the reaction of the 
lactone, as also of 4-hydroxycoumarin with U and 5 aryl dithio-
lylium salts^ is of interest as it leads compounds which are 
not easily accessible by other routs. The dithiolylium salts 
exist as in the mesomeric foim (53 a) and (53 b). Salts which 
R = H or aryl 
R 
(53 b) 
carry the bulky aryl group at C-4 react as (53 b) and those with 
the bulky group at C-5 as (53 a). 
R 
^-' c ^ O - -CH3 
0 ^ CH. 
(54) 
In view of the known preference for ketonic oxygen to 
participate in heterapentalene formation in presence of ester 
oxygen structure (56) is more likely for (55). 
X 
^^^OA:H-
P — s — s 
(56) 
D I S C U S S I O N 
2o 
DISCUSSION 
The reaction of 4-hydroxycoumarin with aldehydes and 
ketones gives substituted dicoumaroles * ' but literature does 
not record any work on the reaction of 3-bromo and 3-nitro coumarin 
with carbonyl compounds. Specially interesting in the context of 
48 
earlier studies appeared to be the reaction of 3-bromo-4-hydroxy-
coumarin with aldehydes as the initial product (57) can suffer loss 
of HBr to give 3-formyl-4-hydroxycoumarin (58). Since existing 
methods for the synthesis of 3-formyl-4-hydroxycoumarin are cumber-
some and give low yields which are not consistently reproducible 
the new approach could provide a more convenient route to this 
compound. Alternatively the addition product (57), no longer 
stabilised by the C-4 OH group, could suffer hydrolysis with opening 
of the lactone ring and recyclisation to hydroxymethyl coumaranone 
(59). Both compounds (58) and (59) were of interest at the 
(57) (58) (59) 
time in connection with another project and the reaction was, 
therefore, worth attempting. It should be added that (59) is not 
available through direct formaldehyde addition to coumaranone as 
this leads to the disubstituted (60) which cyclises to the spiran 
(61) with involvement of another formaldehyde molecule. 
)L't 
H2qH_ 
H2OH 
(60) (61) 
When formalin was added to a hot ethanolic solution of 
3-bromo-4-hydroxycouniarin the solution turned light yellow and 
showed strong acidic reaction pointing to HBr elimination. 
Gradually a yellow mass separated out. It was filtered and 
checked through tic. Iodine staining showed two compounds which 
could be separated through crystallization. Their spectral data 
did not fit any of the expected compounds and was found to be 
identical with that of compounds (22) and (67) which were isolated 
and identified unambiguously earlier in the DMSO/ACpO reaction of 
A-hydroxycoumarin . Their formation in almost quantitative 
conversion suggests that the bromohydrin (57) is extremely unstable 
and decomposes spontaneously either to the formylcoumarin (58) 
through HBr loss or to 3-methylene chroman-2,4-dione (62) through 
HOBr elimination (Scheme-1). 
HBr 
(57) 
Scheme-1 
0 ^ ^ 
(62) 
(5B) 
ZJ 
Whatever the structure of the intermediate, addition of 
unreacted 3-broino-4-hydroxycouniarin leads to dimers (63) or (65)» 
The further transformation of these to 2,3-dihydro-2-(2-hydroxy-
benzoyl)-4H-furo f3,2-c][1] ben2opyran-4-one (22) and its dehydro-
derivative (67) must involve cyclisation to spirans (64) or (66) 
for if hydrolysis were to occur first (68) should be one of the 
products of the reaction. 
(68) 
Though unexpected the dimerization step is in accord with 
the chemistry of 4-hydroxycoumarin. The spontaneous extrusion of 
bromide ion by hydroxylic attack in strongly acidic medium is, 
however, an unusal feature of the reaction. Further if formyl-
coumarin is an intermediate in the reaction(Scheme-3), the 
assumption that HOBr elimination is spontaneous, as in (scheme-2), 
is not valid as formation of (69) is not observed. It might be 
reasoned that this elimination is now avoided by participation of 
the OH group in Br~ elimination. This would, however, require 
polarisation of C-Br bond in such a way that the positive charge 
resides on a carbon flanked by two carbonyl groups. It is possible 
therefore that this step involves elimination of Br* as the environ-
ment of bromine is similar to that in NBS . 
-HBr 
(6^) 
(22) 
(63) 
+ H2O 
CO-
(22) +Br 
- H B r 
Scheme-2 
(67) 
9 7 
(67) 
(22) 
Scheme-5 
Oi 
This made it desirable to check if 3-forniyl-4-hydroxy-
coiomarin was indeed an intermediate in the reaction. Attempts 
to prepare this compound by the published methods met with poor 
2 
success. Attempted formylation by the Vilsmeir-Haack procedure 
gave only the trimer (71)^ while if Cheechi's procedure was 
employed hydrolysis of the immino intermediate gave a mixture 
from which only insignificant amounts of the formyl compound 
could be obtained through chromatography. In the light of these 
results it seemed likely that the reaction of 4-hydroxycoumarin 
with ethyl orthoformate under acid catalysis would also lead to 
the trimer and initial attempts Justified the assumption. However, 
there seemed a possibility that if the reaction was conducted in 
presence of traces of moisture and ethyl orthoformate was used 
both as reagent and solvent the intermediate (70) could suffer 
hydrolysis to the formyl compound which may not be exposed to 
unreacted A-hydroxycoumarin at high dilution. The device worked 
2J 
better than expected and afforded,along with (72), the cyclisation 
product of the trimer (71), 3-formyl-4-hydroxycoumarin In high 
yields >rtiich were found to be easily reproducible. 
The reaction of 3-formyl-A-hydroxycoumarin with active 
methylene compound; 
Whereas the reactions of 3-formylchromones have received 
much attention only two references could be found in literature 
on 3-formylcoumarin. The first of these concerns it's conversion 
with malonic acid derivatives to pyranopyran (73)« The second 
simply notes that while 3-acetylcoumarin reacts with phenyl-
hydrazine to give pyrazoles e.g. (28) the hydrazone of 3-f"ormyl-
4-hydroxycoumarin failed to cyclise under the same conditions. 
With larger amounts of 3-formylcoumarin easily accesible through 
the improved synthetic procedure it appeared attractive to explore 
other such reactions. Since formylcoumarin is labile under strongly 
acidic or basic conditions only the more reactive nucleophiles, 
which are sufficiently enolised at pH close to 7 could be consi-
dered for the purpose. 2'-hydroxy-2-nitroacetophenone (74) 
appeared promising from this view point. It's reactivity was 
checked first with some simple aldehydes. This led to rather 
?\<^ 
N N 
(28) 
Tf U 
unexpected results for when the nitroketone in 9Q% ethanol was 
refluxed for some hours with formalin a reaction occurred but the 
product was the oxime (76) and not the expected chromone (75). 
Conversion of the nitroketone (7A) to the oxime has been reported 
but only under pronounced basic conditions. Thus it was obtained 
NO-
N-OH 
(7A) R'= R" = H , . 
(74b) R'= R» =CH3L ("^ 5) 
t^^ in 
0^ 
(76) 
by Ellis and Beckef"^ in their attempted synthesis of 3-nitro-
chromone-2-carboxylic acid from the nitroketone and ethyl oxalyl 
chloride in pyridine, in agreement with the earlier finding of 
instability of the ketone in pyridine. It was found that the 
oxime was also produced on heating the ketone with aqueous sodium 
acetate- but it's solution in ethanol could be refluxed for several 
hours without any change. Since ethanol from the same bottle- was 
used oxime formation can not be attributed to presence of traces 
of basic impurities in it and it must be assumed that formaldehyde 
plays a key role in the reaction- perhaps by binding the phenolic 
hydrogen. 
^ + JOH 
D' i 
-f m 
N / + CH2=:0H 
:u 
- > - N — O H + CH^-o + H^o 
(76) 
The expected chromanone was, however, formed when benz-
aldehyde was used-together with small amounts of the oxime. 
Chromone formation in the reaction was earlier reported by K.V. 
Rao" who employed NaOAc/AcCH. Salicylaldehyde, o-acetoxybenz-
aldehyde and o-nitrobenzaldehyde, however, again gave only the 
oxime. This dichotomy of behaviour is difficult to undera^ and 
but might be rationalised in terms of stability of the interme-
diate adduct (77). In the case of benzaldehyde the adduct is 
at^hle and undergoes dehydration, while in other cases it is 
either not formed or does not survive long enou^ for dehydra-
tion to occur. The situation does not change if a base such as 
pyridines is added to coax the reaction. 
OH 
R=H,Ph 
(77) 
When 3-forrayl-^-hydroxycoumarin was emoloyed as the alde-
hyde neither addition nor oxime forrriation occurred probably due 
to suppression of reactivity of the aldehydic function by chelation 
and acidity of the C-4 OH group. Addition of catalytic amounts 
3, 
of pyridine as before made no difference but >*ien excess pyridine 
was added to the ethanol solution of the 3-formyl-4-hydroxycoumarin 
and nitroketone and it was refluxed for an hour a compound gradually 
crystallised out. It was filtered and the mother liquour worked 
up after dilution with water. Chromatography then supplied more 
of the crystalline material, labelled NC-1, along with another 
compound NC-2 and salicylic acid, the sparingly soluble NC-1 being 
the major product of the reaction. Tic examination of the residue 
from the mother liquor had indicated presence of yet another com-
pound, NC-3 vhich was initially overlooked but results of subse-
quent experiments made it necessary to concentrate on its isolation 
which was achieved through further careful chromatography of the 
eluate from which other products had been separated. 
Similar reaction was also carried out with methyl substi-
tuted nitroketone and 3-farmyl-4-hydroxycoumarin in order to 
simplify the aromatic region of the nmr spectrum and to establish 
whether the reaction was intra or intermolecular. This led to 
products labelled as NC-1b and NC-3b. 
NC-1 
M 277,m.p.287'C is a colourless compound which tested 
positive for nitrogen and hence was assumed to arise through combi-
nation of the nitroketone with the 3-formyl-4-hydroxycoumarin. On 
this basis the bands at 1720 and 1680 cm~ in the i.r. spectrum 
(Fig.1) should belong to the lactone and ketone carbonyls but 
structure (78) requires M"*"'at m/z 342. The nmr spectrum indicates 
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a total of 8 aromatic protons and shows at higher field a 2H doublet 
at 65.20 and 1H triplet at 64.52. These signals can not be recon-
ciled with structure (78) which has only two protons resonating in 
the high field region. It is thus apparent that the course of the 
reaction is radically altered from that in the case of benzaldehyde. 
Crucial to the structural elucidation of NC-1 is the presence of 
an XCH-CHpY grouping responsible for the two signals at higher field. 
Since nitrogen is present X is in all probability NOp but because of 
the multiplicity of the methylene signal the intact ketone moiety 
can. not be present in the compound. To check this the reaction was 
carried out with substituted 2'-hydroxy-2-nitroacetophenone (74b). 
The nmr spectrum of the compound corresponding to NC-1 did not display 
any methyl singlets. Consequently the 8 proton multiplets in the 
aromatic region of the nmr spectrum must all arise from two coumarin 
moieties. Since salicylic acid is a product of the reaction it is 
apparent that the adduct (79) decomposes with elimination of sali-
cylic acid (81). C)H 
JO2 
:^::^ \^xOH 
0-^0 
+ (80) 
^-^-^v^H 
(79) B 
a-(4-hydroxy-5-coumaranyl)-
fl-nitros,^licoylethylene 
3o 
This course of the reaction i s assumed because both in 
aqueous basic solution and in pyridine decomposition of the 
nitroketone i s slow and produces mostly the oxime and hence i t 
can not decompose directly to nitromethane prior to the reaction 
with aldehyde. 
.<^^^^^H 
(74) 0 
+ CH3NO2 
(81) 
Addition of another molecule of coumarin with elimination 
of the aldehydic group should give the dicoumarol derivative (82) 
with molecular weight equal to 395. Since M is 18 mass units 
(Fig.2) lower (82) must have suffered elimination of water to give 
(83). The ir band at 1680 cm in the spectrum therefore is not 
(82) 
tha t of ketone carbonyl but of the enol ether moiety. The aromatic 
region of the high resolution nmr spectrum (Fig.3) i s composed of 
a 2H double doublet at 68.12 rJ=8.3 and 1.7] , a sextet at 67.70 
[J=8.5 and 1.6]. The signal at lowest f i e ld i s reasonably 
assigned to H^  and that giving r i s e t o the sextet to H, which i s 
meta coupled to H^^ and ortho coupled t o H and H, , the kH mul t ip le t 
at 67.47 i s reasonably assigned then to H and H . 
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The -^C spectrum of (Fig.4) NC-1 is in accord with structure 
(83) showing only 11 of the 20 carbon atooB because of the symmetrical 
structure. It shows only one C=0 supporting the assumption that 
the . ir band at 1680 cm arises from a double bond but the other 
assignments are made on the basis of values reported ' for (84) 
and (85). 
. < ; ^ ^ ^ ^ V 0 ^ 
10Jl/'^^2 NO-
(83) 
(84) 
t-0^^ 
(85) 
't i 
I J 11-D 
i 01-3 
Z-0 
6-0 
L-0 
i,. 
S-D 
9-0 
^4-
o 
LL 
t-o 
1-3 
'• w 
Table 1» ^^C N;M.R. spectra(6 Scale; In CDCl^ and DMSO^^ at 2^.2 MHz) 
Structure (83) (84) (85) 
Carbon No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
Since the nitroketone simply provides the -CHpNOp group 
3-formyl-4-hydroxycoxjmarin was treated with nitromethane in pyridine/ 
ethanol. As expected the reaction supplied (83)(Scheme-4) but the 
reaction time had to be increased and the conversion was not 
complete. This justifies the suggested mechanism involving attack 
by the reactive methylene of the nitroketone-rather than its initial 
decomposition to salicylic acid and nitromethane. 
159.97 
100.99 
152.20 
123.28 
125.27 
133.87 
116.83 
155.42 
112.58 
75.03 
29.54 
160.53s 
101.60s 
166.10 
122.50 
123.70 
132.00 
116.60 
154.70 
112.50 
161.75 
90.98 
165.45 
123.01 
123.62 
132.34 
116.14 
153.38 
115. 37 
'to 
CH,N02 Ethanol 
> 
Pyr id ine 
-HjO 
(80) 
B 
^ ^ ^ 
0-
(82) 
0-^^ 
(82) Scheme-4 (83) 
NC-2 
M* 266, m,p, 214-16®C is sparingly soluble in chloroform 
though much more so than NC-1. It's ir spectrum (Fig.5) also has 
—1 two bands in C=0 region-one sharp at 1685 cm , the other broadish 
_ - i 
at 1650 cm and thus points to .the presence of a chromone nucleus 
and o-hydroxybenzoyl group in NC-2. The o-hydroxybenzoyl grouping 
is evident also from the positive ferric reaction, though this is 
observed only if the reagent is added to the alcoholic solution in 
a test tube and not when it is sprayed on the tic plate-perhaps 
^(8^).^ (87) 
due to poor solubility of the compound— Assembly of these 
structural elements leads to (86) or (87). This agrees with the 
-^m/z 173 
m/z 121 "^ o^h 
m /z 266 
^ 
+ • 
0 D 
m/z 120 m/z 146 
m /z 92 
/z 118 
Scheme-5 
m /z 65 

4o 
mass spectrum (Fig*6) of the compound which exhibits the typical 
fragmentation pattern of chromones"^ (Scheme-5) with peaks at 
m/z 64, 92, 118, 120, 121, 145, 146, 173. 
The nmr spectrxom (Fig-.?) of NC-2 does not allow a choice 
to be made between (86) and (8?)- and moreover raises doubts about 
purity of the sample. Thus there are two singlets for the OH 
group of varying intensity, the proton peri to the carbonyl group 
appears again as two overlapping double doublets also^  of different 
intensities. The multiplet at 67.60 and that between 67.20-7.50 
do not seem to belong to the same compound. Repeated tic of the 
sample used for the above spectral measurements did not, however, 
reveal any impurity and spectra run after further crystallisations 
did not show any change in relative intensities of the signals. 
But what is striking is that the mass spectrum too has no indication 
of an impurity and seems clearly to belong to a compound having the 
suggested structure. The material used for both spectral measure-
ments was taken from the same tube- and the mass and nmr spectra 
are, therefore, of the same sample. The mass spectrum (Fig,3) of 
the sample prepared later shows some indication of an impurity but 
the peaks above m/z 266 suggest it is present only in traces. 
Interestingly multiple peaks are observed in this spectrum for M 
and ions with m/z 117f 121, 145 are as abundant as the molecular 
ion. Since the molecule is not rigid the existence of two 
conformational isomers is not feasible. One explanation of this 
anomaly could be that there are two isomers having almost the 
same fragmentation pattern- and on this basis one may suggest that 
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the other isomer is (88). 
H 
RDA 
(88) m /z 120 m /z 146 
This could have provided an ideal solution but for the 
fact that the nmr spectrum does not contain any signal at higher 
field which could be assigned to two protons on saturated carbons 
for though one of these is doubly deshielded by adjacent oxygen 
and the other by neighbouring carbonyl groups their signals should 
not get lost in the aromatic region. 
Mechanistically any route to (87) would be too speculative 
for inclusion here but structure (85) can be rationalised as shown 
(Scherae-5). It was hoped that the reaction with substituted nitro-
ketone or coumarin would clarify the situation but the product 
corresponding to NC-2, NC-2b was formed in too small amounts to 
allow spectral measurements and the major product was NC-5b- which 
corresponds to NC-3 obtained in this reaction. 
hi 
CHO 
0 OH 
-CO-
CHO 
-H2O .^ :^^ \-0H 
NC-3 
^^ •^ '306, m.p.180-185**C in the ir spectrum (Fig-.9) of the 
compound the ketone carbonyl of the coumarin moiety appears at 
The compound does 
not give any colour with ferric chloride and does not contain 
nitrpgen. 
—1 —1 
1760 cm accompanied by a band at 1690 cm 
To check if 4-hydroxycoumarin was incorporated in the 
product the reaction was conducted with 5,7-diraethyl-3-formyl-
4-hydroxycoumarin. The nmr spectrum of the resulting compound 
NC-3b, M"*" 33^, m.p. 212*0 showed two methyl singlets confirming 
its participation in the reaction. 
. : 1 
.1 -.J .^:-;,_:. 
- - - . • : j - : : ^ -
: ' : . , ; ; • . . 
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>,6 
In the mass spectrum of NC-3b (Fig-. 10) the molecular ion 
peak at m/z 334 forms the base peak. The other major peak is at 
m/z 214 and is followed by others due to loss of carbon monoxide 
and methyl (Scheme-?). 
R' 
m/z 120 m/z 214 
yt 
/z 334 
m /z 306 
-CO 
O r^OV^ 
m /z 199 
m 
R' ^ 
/z 148 ^ 
+ m/z 186 
Scheme-7 
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The nmr spectrum (Fig.11) shows a 1H singlet at 67.8 and 
a double doublet at 68.2. The presence of intact coumarin 
moiety is evident from the singlet of the OH proton in the offset. 
Combining the data one arrives at structurefSSb) for the compound 
and its formation can be rationalised as shown (Scheme-8). 
R 'v^^^\^R " 
HOv^^X^^^X 
.^^^^^'-^^^ 2?v 
(89) «'=^"= " 
(89b)R'=R" =CH, 
5o 
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The band 1760 cm is at much higher value then in 4-hydroxy-
coumarin and its other 3-substituted derivatives so that the compound, 
in the solid state, at least, must be assumed to exist in the 
tautomeric form (90) exclusively. It is interesting to note that 
this product was expected to be form in the reaction of 3-formyl-
4-hydroxycoumarin with coumaranone, but ring expansion there led to 
the 2,3-dihydro [2,3-bl benzopyrano-4H-furo[3,2-c2r1] benzopyran-12-
one (95). 
(96) 
bo 
The r e a c t i o n of 3-formyl-^-hydroxycoumarln with coumaranone 
3 FC-1 
Coumaranones react with aromatic aldehydes to give aurones 
(91) and by analogy the reaction with 3-formyl-4-hydroxycoumarin 
should give (89) or if disubstitution occurs (92). 
h3 
Treatment of coumaranone with 3-fonnyl-A-hydroxycouniarin 
in ethanol at room temperature overnight gave a grannular cryst-
alline product m.p.210-12«C, which showed M"*"*at m/z 306 in its 
mass spectrum as required for (89) but this structure for the 
compoxind has to be rejected as it is colourless whereas aurones 
are deep yellow to orange in colour. The ir spectrum of 3 FC-1 
shows bands at 1720 and 1660 cm whereas that of (93), prepared 
from o-nitrobenzaldehyde and coumaranone, has bands at 1710 and 1660 
cm which arise from stretching vibrations of the carbonyl group 
(93) 
and the double bond, the carbonyl asbsorption being stronger. 
In the ir spectrum (Fig.12) of 3 FC-1 the absorption at 1720 cm" 
is however weaker than that at 1660 cm~ , which seems to have 
contribution from two chromophores. The nmr spectrum (Fig-. 13) 
completely eliminates structure (89) as it contains no singlet of 
the olefinic proton at 67.5 and shows, apart from the multipletes 
of aromatic protons, 1H doublets at 65.91 and 5.13(J=11.73). These 
spectral features can be accommodated only if rearrangement of the 
initially formed (94) to (96) is assumed (Scheme-9). The doublet 
at 65.13 can now be reasonably assigned to C-3 of the chromanone 
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ring as besides being allylic and a to the carbonyl group it is 
enclosed in the cage like structure formed by the chromanone and 
lactone carbonyls. The band at 1660 cm in the ir spectrum is 
stronger than that at 1720 cm because it contains the absorption 
of the chromanone carbonyl as well as that of the enol ether 
linkacre. 
(94) (95) 
-^-
(96) 
Scheme-9 
The mass spectrum (Fig.14) of the compound shows (Scheme-10) 
all the expected ions on the basis of (96) and thus confirms this 
novel structure. 
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The reaction of 3-formyl-4-hydroxvcoumarln with triacetic acid 
lactone. 
3 FP-1 
In the context of the reactions of 3-formyl-A-hydroxy-
coumarin and triacetic acid lactone it was pertinent to study 
the reactions of the two with each other since o-hydroxybenz-
57 
aldehyde reacts with the lactone to give the rearranged product 
(97). 
^^ ::r-^ H c^ :^  0 \ /CH, 
-f 
^^^^^-^HO T 
(97) 
3-forinyl-4-hydroxycouraarin reacted in exactly analogous 
manner to give (98) as the exclusive product of the reaction as 
shown in (Scheme-ll), Structure (98) is in complete agreement 
with spectral features of the coiUDOund e.g. M'*"'?98, C=0 1760, 
Q 
1730, 1640 (Fig.15), singlets at 62.40(-C-CH^), 7.l(lH,s), 8.95 
(lH,s) (Fig.16). The mass spectrum (Fig.17) shows losses of 
methyl, acetyl and acetoacetyl group from the M and is similar 
to other compounds having this side chain. 
h3 
0 ^ CH. 
kXA. —^  
(93) (98) 
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The reaction of 4-hydroxy-6-methyl-2H-pyran-2-one(trlacetlc acid 
lactone) with ethyl orthoformate. 
The successful conversion of 4-hydroxycoumarlns to the 
3-formyl derivative In good yields with ethyl orthoformate prompted 
Investigation of the further potential of this reagent. Trlacetlc 
acid lactone was selected as It Is the aliphatic analogue of 
4-hydroxycoumarln but exposure of the lactone to moist ethyl ortho-
formate/PTS gave exclusively a dimer which was initially identified 
as (99) the structure given by Hlrsch and Hoefgen to the compound 
they obtained by treatment of the trlacetlc acid lactone, triethyl-
annm/piprldlne with ethyl orthoformate. Again the same structure 
was given by same workers to the product of the Vilsmeir-Haack 
reaction of lactone, however, since no detailed information was 
available from the literature it was decided to characterise it 
(99) 
afresh on the basis of its mass spectrum and ir and nmr data. The 
Ir spectrum has bands at 1770, 1725 and 1640 cm~^ which can be 
assigned to carbonyl groups of the enol lactone and V -pyrone 
systems. Extended conjugation is also evident from its deep 
yellow colour. The most deshielded olefinic proton in the compound 
is H^ and the singlet at 68.7 can be assigned to it. The olefinic 
11 
proton adjacent to the methyl group in triacetic acid lactone 
spectrum resonates at 66.2 and that adjacent to carbonyl at 66.5« 
The singlets at 66.2 and 6.6 can therefore be assigned to H^ and 
H in the dimer spectrum. Though it comes as a surprise that the 
methyls resonate at different values the spectral features are 
generally consistent with the assigned structure but the strong 
ferric colouration soxmded a discordant note. 
The erroneous structure (100) was assigned to the product 
arising from reaction of salicylaldehyde with 4-hydroxycoumarin . 
57 The mistake was corrected after many years by Spanish workers who 
formulate it as (101). 
(100) (101) 
Rearrangements of this type are common to products of the 
reaction of o-hydroxybenzaldehyde with enol lactones. Thus (102) 
resulting from the reaction of triacetic acid lactone with salicyl-
aldehyde rearranges to (97) during the reaction. 
IZ 
H,C 
A similar rearrangement is thus possible in the case at 
hand and the strong ferric colour is an indication that this indeed 
has happened. Thus the ir spectirum is equally compatible with 
structure (103) as it contains the enol lactone moiety and the 
Q 
H CH. 
(99) (103) 
chelated ketone carbonyl can account for the band at 1640 cm 
(Figgis). The singlets at 68.7, 6.7 and 6.2 (Fig0 9) can now be 
assigned to H,, H / -and H /_. Thus it is difficult to make a 
D 3/C C/3 
definite choice on the basis of ir and nmr spectra alone but the 
mass spectrum (Fig-.20) of the compound more or less fixes the 
structure of the product in terms of (103) as the most prominent 
ion after M is at m/z 262, a loss of 57 mass units corresponding 
Vi , 
to elimination of CH^-C-CHp. Smaller peaks at m/? 247, and 220 
Indicate losses of CH, and CH,CO group. The mass spectrum of 
•56 3-acetoacetylcoumarin studied by Dean et al is also characte" 
rised by losses of CH,CO and CH^COCH^ groups. Hence a wrong 
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structure was assigned to this product earlier and it should be 
revised to (103). 
Conclusive chemical evidence in support of (IO3) is avail-
able from the fact that vAien the yellow product is treated with 
AgpO in CHCl, no reaction occurs and it is recovered unchanged. 
However if CH,I^^ is added a C-methyl derivative (104) is formed 
as the nmr spectrum shows a methyl doublet at 61.35 and methine 
quartet at 64.55 (Fig.21). 
(104) 
The important point as far as the reaction with AgpO is 
concerned is that if the initial product is formulated as (99) 
and it rearranges under basic conditions to (IO3) then rearrange-
ment should occur even in the absence of CH,I and as this does not 
happen (IO3) mu^t be the actual product of the reaction of the 
triacetic acid lactone with ethyl orthoformate. 
i: 
7S 
Compoimds derived from triacetic acid lactone and ethyl 
orthoformate have served as starting materials for aromatics and 
nitrogen heterocydLas. Such syntheses have little practical utility 
but are of biogenetic interest as the starting materials can be 
regarded as masked polyket«jnjethylenes. In the light of this work 
it appeared worthwhile to study the reaction of (103) with ammonia 
and aminocompounds. The reaction with ammonia gave mixtures from 
which a compound TLN-3 could be isolated through repeated column 
chromatography. As against this the reaction with phenylhydrazine 
and hydroxylamine supplied only one product which crystallised out 
from the reaction medium. These were given the codes TLN-1 and 
TLN-2. Both are high melting and soluble with difficulty in all 
organic solvents. 
TLN-1 
M.P. 225-27''C, M 53^ is a yellow crystalline compound. 
The immediate point of interest in its mass spectrum (Fig.22) is 
the very weak molecular Ion peak which is followed by the base peak 
at m/z 244, This amounts to loss of 90 amu since 0-diketones react 
with phenylhydrazine to give N-phenylpyrazclones the expected 
products of the reaction were pyrazoles (105) or (106). One would 
have to assume simultaneous denarture of Ph"*"* (77 amu) and CH, 
5 
(14 amu) to accommodate the 90 amu-which is very xjnlikely specially 
as the resulting ion forms the base peak. This suggests that the 
compound has part structure Ph.NH.N-R and suffers a loss of PhNH. 
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(105) 
The alternative (107) where RiNH elimination Is favoured by presence 
of the adjacent carbonyl group is not acceptable as the compound 
does not exhibit /9-diketone absorption in its ir spectrum, it's 
fragmentation on electron impact differs radically from that of the 
starting material and it is not ferric positive. The acetoacetyl 
group must, therefore, have participated in the reaction and on this 
basis the compound was formulated initially as (108). 
0 D Q 
HoO 
8i 
The ir spectrum agrees with this structure if it is assumed 
that the broad carbonyl band at 1700 cm has contributions from 
both the lactone and chromone carbonyls. The H nmr (Fig.23) seems 
to clinch the issue as it shows three 1H singlets at 66.05, 8.2, 9.8 
and a 6H singlet at 62.2. The overlapping of methyl resonances in 
view of their substantially different environment is unusual. The 
13 
structure (108) is however completely ruled out by the C nmr 
spectrum which shows only 11 carbon atom whereas (108) has at least 
^h non-equivalent atoms as indicated. 
Only if the compound is symmetrical as in (109) or (110) 
would it have just 11 nonidentical carbons. The ir spectrum(Fig-. 2^ ) 
favours(llO) but does not completely eliminate (109). The \ 
spectrum does not permit a clear cut distinction to be made between 
1 
these two alternative structures and the H nmr is in apparent 
disagreement with both (109) or (110)- as it has 3 1H singlets 
instead of a 2H singlet and a 1H singlet the former due to identical 
pyrone hydrogens at higher field and the latter due to lone hydrogen 
of the pyridine ring. 
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u(fr^O-'^Hf^O^'\ii, H,c 3: f " " 3 3- 3 
11 
(109) 
Structxare (109) is, however, mechanistically improbable as 
it's formation would involve prior opening of the lactone ring- a 
reversal of the process that led to formation of (103) from tri-
acetic acid lactone and ethyl orthoformate. 
0 
H,C 
0 
H3C d>^ 0 ^ (:H. 
# 
(103) (99) 
H,C - ^ / ^ c(^o 
85 
O^^CH. 
Even if it is assumed that such a thermodynamically 
linfavourable reaction occurs before the Ph NHNHp group attacks 
any of the reactive sites of the molecule the product should be 
the unsymmetrical compound (108) formed through attack by the 
reagent on the intermediate (99)• 
Q Q Q 
0 
(99) 
PhNHNH-
CH, H6 vktw 
Ph 
-HjO 
CH. 
H,C 
- HpO 
^"^O^CH, 
NH 
Ph 
(lOB) 
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H 
No such d i f f i c u l t y i s presented by the conversion of 
(103) to . (110) . 
Q Q 
(103) 
NH 
(111) 
KIH 
(112) (110) 
The reac t ion i s s imi la r t o the acyl lactone rearrangement^-
except that the ro t a t i on of ( i l l ) to (112) involves conversion t o 
a geometrical isomer. However, this is not improbable under the mild 
acidic react ion condi t ions. A d i r e c t analogy i s afforded by 
conversion of dehydroacetic acid (113) to (114). 
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(113) 
H,(r^H2 
"30i.^H^ 
Q 
H,c^^N CH-
H 
(11A) 
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In a separate investigation with primary amines the 
intermediate (115) leading to (115) was isolated under mild 
reaction conditions. 
RNH. 
H c r ^ o ^ ^ 
-RNH 
^ N H Hr!?i^"3 
I I * 
R R 
(115) 
I I 
H^cT^N 'CH-
R 
(116) 
83 
This leaves the problem of non-equivalence of the two 
hydrogens adjacent to the methyl groups and one possible expla-
nation is restricted rotation of the NPh group due to partial 
double bond character of the N-N bond which effectively leads 
to non-equivalence of the two hydrogens because of proximity of 
H_ to the benzene ring. 
3. 
(110 a) 
(110 b) 
1 ^  
The C spectrum (Fig^25) as stated shows 11 carbons. 
The assignments shown in (110) are made on the basis of values 
computed from those of N-methyl pyridinium iodide (117) 
pyranopyran (118)^ and aniline (119) . 
.62 
89 
'O;'^ 
9G 
^OaJ^^J^ 10 
CH3 
(117) 
002Pr' 
(118) 
NH 2 
(119) 
13. Table 2. '-'C N.M.R. s p e c t r a ( 6 S c a l e ; in CDCl, and IMSO 6 a t 
25.2 MHz) 
S t r u c t u r e 
Carbon No. 
C(1) 
C(3) 
C(4) 
C(Aa) 
C(8a) 
C(10) 
C(lOa) 
C(5)-Me 
C ( l ' ) 
C ( 2 ' ) 
C ( 3 ' ) 
C ( 4 ' ) 
(110) 
171.60 
163.56 
95.90 
162.AS 
142.16 
102.03 
19.58 
144.46 
111.92 
129.46 
119.91 
(117) 
145.8 
145.8 
128.5 
(118) 
165.90 
154.60 
101.80 
136.10 
103.30 
19.40 
(119) 
147.70 
116.10 
129.80 
119.00 
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TLN-2 
Replacement of phenylhydrazine by hydroxylamine in the 
above reaction gave a yellow crystalline product m.p. 258-60'C, 
M"*''259, which was formulated, by analogy with TLN-1 as (110). 
The mass spectrum (Fig»^ 26) of TLN-2 also shows losses of methyl 
and carbon monoxide but the main difference between it and the 
mass spectrum of TLN-1 is that M now forms the base peak. This 
created doubts about the validity of structure (120) for the 
compound as amine oxides show an abundent M-15 peak which is 
some times the base peak. The M-15 peak, assigned to loss of 
the methyl group is too weak to qualify for an M-16 one^ . However 
other discrepancies in the mass spectrum and lack of any response 
by the compound to PCI,- rules out the aminoxide structure (120). 
The alternative structure (121) is therefore assigned to this 
compound on the basis of spectral evidence. 
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The ir spectrum (Fig-??) of TLN-2 is similar to that of 
TLN-1 but the carbonyl band is at higher frequencies and broader 
suggesting merger of two bands, one at 1760 cm the other at 
1730 cm~ . The mass spectrum shows a strong peak at m/z 82 of 
about equal intensity as the base peak and M* -82 at m/z 177/176 
is also strong. These can be accommodated only on the basis of 
loss of the isoxazole moiety. The nmr spectrum (Fig.^ 28) shows 
three 1H singlets at 6 6.6, 7.2 and 8.7 - the one at lowest field, 
being sharp, may be safely assigned to the C-8 hydrogen, the 
other two showing allvlic coupling with the methyl group cannot 
be unambiguously assigned but their position agrees with values 
expected for C-4 and isoxazole hydrogens. The 6H singlet at 62.5 
is an indication that the environment of the two methyls is 
identical and this, while not conclusively eliminating the alter-
native structure (122) favours (121). 
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TLN-3 
M.P. 185-90"C, M 245, was obtained as a yellow crysta-
lline compound on extensive chromatography of the mixture result-
ing from treatment of(IO3) with methanolic ammonia. By analogy 
with TLN-1 it was assigned structure (123). This is supported by 
H,H3C'^0'-^N (y^c CH-
(123) (124) 
its nmr spectrum (Fig»29) which shows the allylic hydrogens as 
a 2H singlet at 6 5«3 and the olefinic hydrogens as a 2H singlet 
at 65.63. The 6H singlet of the methyls is at 6^.12. The mass 
spectrum (Fig^30) has M"*"'at m/z 245, M* -Me at m/z 230 followed 
by loss of carbon monoxide and again of methyl to give rise to 
peaks at m/z 202 and 187. 
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The alternative structure (124) for the compound is 
ruled out by the position of the carbonyl band in the ir 
spectrum (Fig. 31) at 1710 cm . In structure (124) the carbonyl 
group is conjugated both with the oxygen ar\d the nitrogen atoms 
and carbonyl absorption should thus be characteristic of vinylo-
gous amides which absorb at 1660 cm . According to (123) the 
compound is a vinylogous carbamate and 1710 cm is close to 
the value reported for carbamates -^, While the structure (123) 
has good spectroscopic support it is difficult to formulate a 
mechanism for reduction of the initially formed pyridine (123a). 
Q Q .Q 0 
> 
^ H3C-^^^^-^N d^ 
0 CH, 
(1-^ 3 a) 
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Reaction of 3-formylchromone 
3-formylchromone chemistry has been the subject of 
much recent interest and its synthetic applications have led 
to several heterocycles not easily accessible through conven-
tional methods. In the context of present studies it appeared 
of Interest, therefore, to examine its behaviour towards tri-
acetic acid lactone and ^ -hydroxycoumarin after a survey of 
literature showed that such reaction have not been investi-
gated. Two interesting examples of its reactivity is provided 
by the reaction with iodohydrin under mild basic conditions 
and its Diels-Alder addition to ethyl vinyl ether . 
+ KH2-CH^0H 
CH 
II 
Reaction of 3-formylchromone with t r i a c e t i c acid lactone 
When an equimolar amounts of 6-methyl-'^-hydroxy 
- 2H - pyran-2-one was added t o an alcohol ic solut ion of 
102 
the solution turned yellow and the colour deepened on warming. 
After it had been refluxed for an hour and allowed to stand 
overnight it deposited a yellow crystalline material which was 
labelled AMZ-1. 
AMZ-1 
M"*"'292, m.p. 175-80*C gave a positive ferric chloride 
reaction and its nmr spectrum, which unexpectedly did not show 
any singlet at higher field for the methyl group of the lactone, 
was similar to that of chalcones. M at m/z 292 also does not 
favour coupling of the lactone with chromone or formyl chromone 
and indicates rather the combination of two chromone units 
(146x2=292). Structure (125) which follows from these observa-
tions fits the mass spectrum, in which, apart from M , the only 
other significant peak is at m/z 171 corresponding to loss of 
the hydroxybenzoyl group. This compound and its tautomer (125) 
6R 
were first reported by Schdnberg to be the products of base 
attack on chromone. 
NaOC2H5 
->-
,<r-^^o^^Q2^b 
103 
(125) 
I t s formation in the present case points to pr ior 
decomposition of formylchromone to 2'-hydroxy-2-formylaceto-
phenone (127). Support for t h i s comes from the react ion of 
3-formylchromone with o-hydroxyacetophenone which gave the 
same product over a longer reac t ion period and in poor yields . 
Taking these fac ts i n t o considerat ion the following mechanism 
seems probable for the reac t ion . 
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Alternatively the lactone could Just be acting as a 
protic acid, particularly as formylchromone was found to give 
(127) on refluxing the ethanol/HpO solution after addition of 
a drop of acetic acid. 
/::^\^H 
H 
0 
CHO 
(127) 

i n s 
Crucial t o the s t ruc ture e lucidat ion i s the posi t ion of 
the doublet a t 66.12 with J=1.5 Hz. I t i s best assigned t o an 
a l l y l i c proton under oxygen with long range coupling t o an 
o lef in ic proton. On th i s basis and evidence of mass spec t ra l 
{Fig, 31*) fragmentation, which can be analysed as shown(Scheme-12), 
the most l i ke ly s t ruc ture for AMZ-2 i s (128). 
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The only peak in the mass spectrum for which there is 
no really satisfactory pathway is that at m/z 162 which must 
belong to modified 4-hydroxycoumarin moiety. However, allylic 
cleavage to (128) should be facile and the resulting ion can 
decompose further with hydrogen transfer. 
(128) ^- m/z 162 
Mechanistically (128) can a r i s e i f 4-hydroxycoumarin 
a t tacks pos i t ion 2 of the formylchromone, as do other nucleo-
phi les and possibly the t r i a c e t i c acid lactone in the reaction 
discussed e a r l i e r , the i n i t i a l product of t h i s react ion should 
be (129), v^ich may exis t in tautomeric equil ibrium with (130) 
and (131). 
u 
^<:^"^v^OH o 
H 
0 
(131) 
Hydrolytic loss of the formyl group can occur at this 
stage or later on reaction with another molecule of formyl-
chromone to give ultimately (132) which then rearranges to 
(128). 
(128) 
While agreement with spectral data is thus complete 
mechanistically the situation is not as happy for the dehydra-
tion product (152) would have been expected to react chiefly, 
if not exclusively, with involvement of the 4-hydroxy group to 
give (133). 
113 
^ ^ ^ 
Structure (133) is, however, made impossible by the ir 
spectrum and formation of (128) therefore requires some mecha-
nistic justification which though available and is shown in 
(Scheme-13) is not of a compelling nature. Since 2-hydroxy-2-
formylacetophenone is a key intermediate in the acetic acid 
catalysed conversion of 3-formylchromone to the dimer (125) its 
involvement here is possible because acidity of 4-hydroxycoumarin 
is of the same order as that of acetic acid so that formylchromone 
may suffer partial decomposition to (127). 
1 
1 t 
-H^O 
CHO 
(13A) (1?7) 
O 
Scheme-13 
(1^8) 
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It seemed surprising, however, that 4-hydroxycoumarin 
itself does not add to the reactive double bond of (13^) and 
this cast doubt on the validity of the above mechanism as well 
as structure (128) assigned to the compound. To gain further 
insight into the course of the reaction- and confirm structure 
(128) formylchromone was treated with 5»7-dimethyl and 6,7-
dimethyl-4-hydroxycoumarin. If the underlying assumption of 
the involvement of two formylchromone and one 4-hydroxycoumarin 
molecules were correct- the product of the above reaction should 
+* / have had M at m/z 492- but instead it was found to have a 
mass of 520 amu indicating involvement of only one formylchromone 
and two 4-hydroxycoumarin units. The nmr spectrum (Fig.35) of 
the product obtained from 6,7-dimethyl-4-hydroxycoumarin showed a 
12 H singlet 62.25 whereas that of the product from 5,7-dimethyl-
4-hydroxycoumarln showed 6H singlets at 62.4 and 62.75. The 
coincidence of methyl singlets indicated that they are in similar 
chemical invironment so that either both aromatic rings are part 
of chromone or of coumarin moieties of the compound. 
The product on this basis could have had structure(135) 
arising through attack of 4-hydroxycoumarin on the formyl groups 
of chromone and finally dehydration as shown in(Scheme-l4). 
l l o 
• I f 
Scheme-lA 
R'=H ^ 
1 1 7 
The i r spectrum and presence of f e r r i c colour cannot, 
hov/ever, be reconciled with t h i s s t ruc tu re . Moreover the a l l y l i c 
proton of (135) occurs in s imi la r compounds at 6 5«5 and not a t 
6 6.13. If , however, the intermediate (13^) i s retained and 
addition of 4-hydroxycoumarin t o i t occurs, as one would expect, 
the product, besides having the wrong mass, ca r r i e s two d i f fe ren t 
r ing systems and the methyl resonances should therefore not 
coincide. The 4-hydroxycoumarin un i t of (136) must therefore 
have rearranged t o chromone as shown in (Scheme-15). This i s not 
(128) R'=R" =R=H 
(128b) R"=R'"=CH. 
R= H 
(128c) R'=R=CH, 
R=H 
R" Scheme-15 
R" I I 
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unexpected as formylation can occur through e i t h e r the hydra-
t ion of formylchromone t o 2-hydroxy-3-formylchronianone or by 
in tervent ion of 2'-hydroxy-2-formylacetophenone (127) formed 
through i t s decomposition. 
0 \ . 0 H 
^R-CHO >(127) 
,^^^^0H 
(136) 
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Methylatlon of AMZ-2 
The conversion of two 4-hydroxycoumarin molecules to 
chromone moieties in AMZ-2 while mechanistically feasible is 
none the less unusual. Further evidence for the assigned 
structure was, however, forthcoming from the result of methylation 
which was carried out conveniently with AgpO/CH^I in chloroform 
and supplied lAMZ-2 Me. 
AMZ-2 Me 
M"*" 510, m.p.>300*»C shows in its ir spectrum bands due 
to hydroxyl and carbonyl groups the latter at a value charac-
teristic of coumarins (Fig.36). Its mass and nror spectra identify 
it as a dimethyl ether formation of which is possible only if the 
pyranochroffione ring system of (128) suffers hydrolytic cleavage. 
The difference in the molecular weight of (137) and AMZ-2 amounts 
to 46 amu(510-464=46). This works out exactly for addition of 
water and two methyl groups. The mass spectrum further shows 
losses of methanol and methyl groups by peaks at m/z 478 and 463* 
The nmr spectrum (Fig.37) but for the presence of two 
methyl singlets is similar to that of AMZ-'. The 1H singlet at 
66.2 is approximately at the same position as in AMZ-? and should, 
therefore, have also arisen from a proton under oxygen. Combination 
of these spectral features leads to (137). 
The singlet at 68.2, assigned to the 0-"^  hydrogen of 
the chromone moiety is not clearly visible in the nmr spectrum 
12i 
of AMZ-2 probably due to different solvensts (EMS0^6 for AMZ-2 
and TFA for AMZ-2 Me) used for measuring the two spectra. The 
mass spectrum (Fig.38) of AMZ-2 Me can be rationalised as shown 
(scheme-l6). 
1 Jl 1 
m/z 510 
1 2 ^ 
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The initial point of attack of the base must be the 
phenolic hydrogen and it is apparent that the resulting anion 
can exist in tautomeric equilibrium with small amounts of (138) 
and (139). 
(128) 
12o 
In presence of CH,I (138) is captured by methylation 
and water always present in traces in commercial chloroform 
adds to the double bond followed by opening of the chromanone 
ring and methylation. 
(128) ^»^^/^gp9 
127 
,<:r\X)Me 
(137) 
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EXPERIMENTAL 
The mel t ing p o i n t s were taken on a Kofler block and 
are u n c o r r e c t e d . I n f r a r e d s p e c t r a were g e n e r a l l y recorded 
on a SP3-100 PYE UNICAM and IR-408 (Shimadzu) spec t ropho to -
meter . U l t r a v i o l e t s p e c t r a i n 95% methanol s o l u t i o n s were 
measured on a PU 8800 PYE UNICAM spec t rophotomete r . H NMR 
and mass s p e c t r a were recorded a t C e n t r a l Drug Research 
I n s t i t u t e , Lucknow and Gifu Pharmaceut ica l U n i v e r s i t y , Japan 
on d i f f e r e n t i n s t rumen t s and t h e f i e l d s t r e n g t h i s i n d i c a t e d . 
The 300 MHz NMR and high r e s o l u t i o n mass s p e c t r a were 
provided by B ioac t i ve C o n s t i t u e n t s Research , United S t a t e s 
Department of A g r i c u l t u r e I l l i n o i s . ^^C NMR and 300 MHz NMR 
s p e c t r a were recorded by H .E . J . Research I n s t i t u t e , Karachi 
through the cour t e sy of Prof . A t t a - u r - Rahman. The Chemical 
s h i f t s a re r epor t ed i n 6 v a l u e s r e l a t i v e t o TMS ass igned a t 
Zero. Analys i s were a l s o c a r r i e d out by m i c r o a n a l y t i c a l 
s e r v i c e s CDRI, Lucknow. 
Al l t he s o l v e n t s and chemicals used were AR grade . 
Moist e t h y l or thofoni ia te was obta ined by shaking with water 
and 3-bromo-4-hydroxycoumarin was prepared from 4-hydroxy-
coumarin by t r e a t i n g with CuBr^ in e thy l a c e t a t e . Couraaran-
3-one was prepared from 2 '-hydroxy-2-bromoacetophenone by 
t r e a t i n g with sodium a c e t a t e in aqueous e thano l with s t i r r i n g . 
12c* 
React ion of 3-bromo-4-hydroxycoumarln with formaldehydes 
Formation of 2 ,3-d lhydro-2- (2-hydroxybenzoyl ) -4H-furo 
[ 3 f 2 - c ] [ 1 ] benzopyran-4-one (22) and 2-(2-hydroxybenzoyl)-4H-
f u r o [ 3 , 2 - c ] f 1 ] benzopyran-4-one (67)-
(1) In a l c o h o l - w a t e r 
3-bron)o-4-hydroxycouinarin(200 mg) was d i s so lved i n 
a l coho l (5 ml) and d i l u t e d with water (5 m l ) . To t h i s formal in 
(0.1 ml, 3796) was added and t h e s o l u t i o n hea ted on b o i l i n g 
wa te r -ba th fo r 15 m i n u t e s . The s o l u t i o n became s t r o n g l y a c i d i c 
and a ye l lowish mass s e p a r a t e d ou t . I t was f i l t e r e d , washed 
with water and d r i e d . The f i l t r a t e was e x t r a c t e d with e t h y l 
a c e t a t e , d r i e d and evapo ra t ed . The s o l i d and the r e s i d u e from 
the e x t r a c t were combined and c r y s t a l l i s e d from methanol t o 
give product (22) as whi te f ea the ry n e e d l e s (92 mg), ra.p.210-
12«»C. 
The i d e n t i t y was confirmed by d i r e c t comparlsoti 
(mmp, i r and nmr) with t h e a u t h e n t i c sample obtained from 
EM SO/Ac pO o x i d a t i o n of 4-hydroxycoumarin. 
S p e c t r a l d a t a t 
UV(MeOH) \ax I 250, 285 and 310 nm (log " 4 . 2 0 , 4.06 
and 4 .06 . 
IR(Nujol)^ tnax : 1715, 1700, 1675, 1645, 1610, 1600 
and 1567. 
^HNMR(90 MHz) ! 6 6.36(lH, q, 0=C-CH-0-; J=10, 8Hz), 
CDCl^ 3.60(2H, m, -CH-CH^-). 
l?.o 
Mass : m/z 308(M**), 290, 262, 204, 187, 186, 
175, 162, 1A7, 146, 134, 121 (base peak), 
120, 104 and 102. 
tFound: C, 70.35; H, 4.0. C^QH^2°5 requires C, 70.10; H, 3.9%) 
Crystallization of the residue obtained after evapora-
tion of mother liquor with benzene-light petroleum ether gave 
(67) as pale yellow prism (26 mg), m.p. 183»C. The structure 
was confirmed by direct comparison (mmp, ir and nmr) with 
authentic sample. 
Spectral data : 
UV(MeOH) ^ max I 275 and 335 nm. 
IR(Mull) ••^ max ; 3400, 1740, 1710(br.), 1640 and 
1620. 
''HNMR(60 MHz) : 6 7.8 (1H, s, =CH-). 
CDCl, 
Mass : m/z 306(M**) 186, 121 and 120. 
(Found: C, 7 0 . 2 ; H, 3 . 3 1 , C^QH^QOC r e q u i r e s C, 70 .50 ; H, 3.15%). 
( i i ) In a l c o h o l : 
3-bromo-4-hydroxycoumarin(2.15 g) i n a l coho l (15 ml) 
was r e f luxed fo r one hour a f t e r a d d i t i o n of formal in (2 ml, 37%). 
V/ork up as before af forded 857 mg of (67) and only 43 mg of 
(22), 
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Synthesis of 3-formyl-4-hydroxycoumarln 
To refluxing moist ethyl orthoformate (200 ml) contain-
ing 200 mg of PTS, 4-hydroxycoumarin (10.0 g) was added in 
portions during half an hour. The addition were so regulated 
that no solid was left before further addition was made. After 
complete addition the refluxing was continued for another l/2 hr 
and the solution then concentrated under vaccum to one third of 
its volume. During this period the trimer of 4-hydroxycoumarin 
separated (2.0 gm, m.p. 31A*C ). Filtration followed by removal 
of solvent gave a gummy residue which was dissolved in ether 
and extracted with water. The residue from ether layer was 
crystallised by benzene or chloroform- petroleum ether to give 
3-formyl-4-hydroxycoumarin(6.85 g) as pale yellow needles, m.p. 
137-38«»C. 
Reaction of 3-formyl-A-hydroxycoumarin with 2'-hydroxy-2-
nitroacetophenone. 
Formation of NC-1(83). NC-2(86) and NC-3(89). 
3-formyl-4-hydroxycoumarin(l.O g) and 2'-hydroxy-2-
nitroacetophenone (953 mg) were dissolved in ethanol (20 ml). 
To this resultant solution pyridine (0.5 ml) was added and the 
reaction mixture refluxed for an hour when NC-1 £ 7-nitromethyl-
4H-pyrano bis [4',3'-c; 4" , 3" -c'jrv, 1" ] benzopyran-6, 8-
dlone (83) gradually crystallised out. It was filtered and 
the mother liquor, worked up in the usual way after dilution 
with water, was chromQtographed over silica gel. Elution with 
13, 
chloroform-light petroleum ether (1:1 v/v) gave more of (83), 
combined yield 500 mg, m.ip»29h-87)''C, 
Spectral data : 
UV(MeOH) ^ max t 245, 320 and 420 nm. 
IR(NuJol) "^ raax : 1720, 1680, 1620, 1560, 1395 and 1380. 
''HNMR(300 MHz) : 6 4.5(1H, t, -CH-CH^-, J=3.2^2), 5.2 
CDCl, (2H, d, -CH-CH2-, J= 3.1 Hz); 7.38-7.5 
(4H, m, Ar-H); 7.72(2H, m, Ar-H); 8.O5 
(2H, dd, Ar-H). 
Mass (rel.int.) : m/z 378(M**, 100), 330(15), 317(32), 
163, 121,and 120. 
(Found: C, 63.28; H, 3.OI; N, 3.48, C^QH^^O^N requires C, 63.66; 
H, 2.94; N, 3.7196). 
Elution of the column with chloroform-light petroleum 
Qther(3l2 v/v) afforded a light yellow solid which on crysta-
llization from benzene-petrol gave NC-2 s 3-f2'-hydroxybenzoyl)-
4H-("1] benzopyran-4-one (86) as light yellow feathery needles 
(100 mg), m.p. 212-14*C. [Tic and mass spectra show no impurity 
but nmr indicates presence of two compounds in a ratio of about 
2:1]. 
Spectral data: 
UV(MeOH) ''max : 245, 320 and 395 nm. 
IR(Nujol) T'^max : 1685, I65O, 1600, 1570, 1460, 1420 and 
1375. 
' ' H N M R ( 5 0 0 MHz) ; 6 9 . 0 5 ( l H , s ) ; 8 . 9 0 ( 1 H , s ) ; 8 . 1 ( 2 H , d d ) ; 
CDCI5+ CD3OD 7 . 6 ( 2 H , ra); 7 . ? - 7 . 5 ( m , A r - H ) . 
13: 
Mass (rel.int.) *. m/z 266(M*'i10); 265(50j, 236(58), 
173(100), 144(18), 121(32), 117(36), 
93(10), 90(18). and 65(12). 
(Foundi C, 70.75? H, 4.26, C^^H^QO^ requires C, 72.18; H, 3.79%). 
Further elution of the column with chloroform-light 
petroleum(3:1 v/v) afforded a yellow solid which after crysta-
llization from benzene-petrol gave NC-3 = 4-hydroxy-3-c oumaranyl 
ethyledine coumaran-3-one (89) as yellow shining needles(70 mg), 
m.p. 180»C. 
Spectral dataI 
UV(MeOH) ^ max : 245, 315 and 570 nm. 
IR(Nujol) ^ max : 1770, 1690, 1650,1630, I6OO, 1580, 1540 
and 1430. 
""H NMR(60 MHz) : 6 7.2-7.9(7H, m, Ai-H); 8.0(1H, s); 
CDCI5 .' 8.2(1H, dd, Ar-H); 11.6(1H, s, -OH). 
Mass (rel.int.) I m/z 306(M*', 100), 186(100, 158(46), 
121(100), 120(100), 93(33) and 65(38). 
(Found: C, 70.38; H, 3.20, C^QH^QO^ requires C, 70.75; H,3.329^), 
Preparation of NC-3b (89 b) 
The reaction was conducted exactly as with the 
unsubstituted coumarin and 2-hydroxy-2-nitroacetophenone 
afforded 5,7-dimethyl-4-hydroxy-3-coumaranyl ethyledine coumaran-
3-one (89 b). 
Spectral data; 
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UV(MeOH) '^ max 
IR(Nudol) "^ max 
1 HNMR(60 MHz) 
CDCl, 
Mass (rel.int.) 
245, 315 and 370 nm. 
17A0, 1700, 1660, 1640, 1600 and 1580. 
6 2.4(3H, s, Ar-CHj); 2.8(3H, s, Ar-CH^); 
6.9-7.7(6H, ID, Ar-H); 8.2(1H, dd,Ar-H); 
7.8(1H, s), 11.6(1H, s, -OH). 
m/z 334(M**, 100), 214(14), 186(23), 
149(59), 148(77), 121(20), 120(21), 
93(6) and 65(16). 
R e a c t i o n of 3 - f o r m y l - 4 - h y d r o x y c o u i n a r i n w i t h coumaran -3 -one 
Fo rma t ion of 3 F C - 1 ( 9 6 ) . 
1.0 g of 3 - f o r m y l - 4 - h y d r o x y c o u m a r l n was d i s s o l v e d I n 
e t h a n o l ( l 5 ml) and c o u m a r a n - 3 - o n e ( 7 0 5 mg) added t o t h i s s o l u t i o n . 
The r e s u l t a n t m i x t u r e was k e p t o v e r n i g h t a t room t e m p e r a t u r e -
and t h e p r o d u c t which s e p a r a t e d ou t a s l i g h t y e l l o w g r a n u l e s , 
was f i l t e r e d and r e c r y s t a l l l s e d from m e t h a n o l - c h l o r o f o r m t o 
g i v e 2 , 3 - d l h y d r o [ 2 , 3 - b ] b e n z o p y r a n o - 4 H - f u r o f 3 , 2 - c ] r i 3 b e n z o -
p y r a n - 1 2 - o n e (96) a s a c o l o u r l e s s g r a n u l a r s o l i d (800 mg) , m . p . 
210-12»C. 
S p e c t r a l d a t a t 
UV(MeOH) ^raax 
IR(Nu jo l ) ^max 
1 HNMR(300 MHz) 
P o l y s o l 
275, 280 and 410 nm. 
1720, I660(br.) 1620, 1570 and 1380. 
0 ^  
6 5.13(1H, d, -C-CH-C=, J=11.73 Hz); 
5.9(1H, d, -0-CH-0-, J=11.75 Hz); 
7.0-7.6(8H, ra, Ar-H). 
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Mass ( r e l . i n t . ) : m/z 306(M**, 32), 186(80), 164(40), 
121(96), 120(100), 92(40), and 65(22). 
(Found: C, 70.45; H, 3.19, C^gH^QG^Lrequires C, 70.59; H,3.2996). 
Reaction of 3-forniyl-4-hydroxycouniarln with 4-hydroxy-6-
methyl-2H-pyran-2-one 
F orma11 on of. .3FPT- 1 (98) 
3—formyl-4-hydroxycouinarin(l. 0 g) was dissolved in 
ethanol(20 ml) , andequimolar amount of 4-hydroxy-6-raethyl-2H-
pyran-2-one added to i t . The mixture was refluxed for 30 minutes 
on a water-bath. During t h i s period a yellow granular product 
separated out. This so l id was f i l t e r e d and r e c r y s t a l l i s e d from 
chloroform to give 3-acetoacetyl pyranof3»2-c]f1] benzopyran-2, 
5-dione (98) as yellow granules (1.215 g ) , m.p. 242-46*0. 
Spectral data 
UV(MeOH) \ax : 230, 270, -385 and 410 nm. 
IR(Nuool) ''max : 3500, 1760, 1730, I63O, 1550, 1390 and 
1380. ^ 
''H NMR(60 MHz) : 6 2.44(3H, s, -C-CH3); 7.1(1H, s); 7.2-
TFA^ 8.2(4H, m, Ar-H); 8.95(1H, s). 
Mass(rel.lnt.) : m/z ?98(M*', 46), 285(13), 270(6), 
256(11), 241(100), and 200(5). 
(Found: C, 64.50; H, 3.33, C^^H^QO^ requires C, 64.43? H,3.3896). 
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React ion of A-hydroxy-6-methyl-2H-pyran-2--one wi th mois t 
e t h y l o r thoformate . 
FormatlOTi of 3 -ace toace tv l -7-n ie thy l pyranor4 ,3 -b1 p y r a n -
2 ,5 -d lone (103)« 
1.0 g of 4 -hydro3ty-6-methyl -2H-pyran-2-one( t r lace t lc 
ac id l a c t o n e ) was added In p o r t i o n s t o a p rehea ted mix ture of 
mois t e t h y l or thoformate (10 ml) c o n t a i n i n g t r a c e s of PTS. 
The r e a c t i o n mixtijre was heated for ano the r 15 m i n u t e s , cooled 
and t h e yel low c r y s t a l l i n e d s o l i d (700 mg) was f i l t e r e d off. 
The mother l i q u o r was then reduced two t h i r d of i t s volume in 
vacuo and cooled to room temperature t o give a second crop of 
(103) , combined y i e ld (850 mg). R e c r y s t a l l i s e d from chloroform 
t o give 800 mg(103), m.p. 203-5'C. 
S p e c t r a l d a t a 
UV(MeOH) ^max t 215, 280 and 400 nm. 
IR(KBr) "^ max : 1770, 1725, 1640, 1565 and 1200. 
""H NMR(90 MHz) ; t9 9 6 2.2(3H, s , -C-CH,) ; 2.3(3H, s,=C-CH,); 
9 "" 9 "JT 
6.2(1H, s , -C=CH-); 6 .7( lH,s , -C=CH-C-) ; 
9t ~ f Vi ~ 
8.7(1H, s , -C-C-CH=C-C-). I I 
M a s s ( r e l . i n t . ) : m/z 262(M**,37), 2 4 7 ( l 4 ) , 220(20) , 
2 1 9 ( 4 ) , 205(100), 150(13), and 85(20) . 
(Foundi C, 59.20; H, 384, C^^H^QO^ requires C, 59.53? H,3.84%). 
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Methyla t ion of (103) with Ag20/CH^I 
Formation of 3 ' , 7 - d l m e t h y l - 3 - a c e t o a c e t y l py ranor4 ,3 -b ] pyran-
2 .3 -d lone (103) . 
A mixture of (IO3) 1.0 g, CH^K? ml) and Ag20(2.0 g) 
i n chloroform (20 ml) was s t i r r e d for 2 hours a t room tempera tu re . 
More Ag20(400 mg) was added t o the r e a c t i o n mixture and s t i r r i n g 
cont inued for ano the r 5 hours . The r e s u l t a n t mixture was 
f i l t e r e d and residue(AgpO) washed t h r e e t ime with chloroform. 
The f i l t r a t e was concen t ra t ed t o give a yel low c r y s t a l l i n e s o l i d 
(105) 600 mg, m.p .1^2-45 'C . 
S p e c t r a l d a t a t 
UV(MeOH) ^max I 215, 285 and 410 nm. 
IR(KBr) ^ max : 3100, 171O-30(br.), 1680, 1625, 1580 
and 1550. 
''H NMR(60 MHz) '. 6 1.35(3H, d, -CH-CH,); 2.30(5H, s, 
0 -^ 0 
^ 3 -C-CH5); 2.40(3H, s, C=C-CH^); 4.55 
(1H, q, -CH-CH,); 6.40(1H, s,-C=CH-); 
~ 9i 9» ~ 
8.75(1H, s,-C-C-CH=C-C-), •1 
Mass(rel.int.) : m/z 276(M* , 60), 261(5), 219(100), 
205(25), 178(15), 164(12), 152(1?) and 
43(100). 
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Reaction of (103) with phenylhydrazine hydrochloride. 
Formation of TLN-1(110) 
1.0 g of (103) was dissolved in ethanol (20 ml) and 
equimolar amount of phenylhydrazine hydrochloride(0, 55 g) added. 
The resultant mixture was refluxed on water-bath for 1 hour. 
The product 3-7-dimethyl-1,9-dioxo-1H, 9H-pyrano[3,2-cS 5,6-c'] 
dipyran-5-N-aniline (110) crystallised out as deep yellow shining 
crystals(0.985. g), m.p.225-27*C. 
Spectral data; 
UV(MeOH) ^ max I 240, 280 and 390 nm. 
I R ( N u J o l ) '^max : 3350 , 1700 , 1650 , 1600 , 1550 , 1500 and 
1400. ^ 
""H NMR(60 MHz) i 6 2 . 2 4 ( 6 H , S , = C - C H ^ ) ; 6 . 0 5 ( 1 H , s ) ; 
^^ • ' •3 6 . 4 - 7 . 4 ( 5 H , m. A r - H ) ; 8 . 2 0 ( 1 H , s ) ; 
Vi ~ 9f 
9 . 8 (1H, s , -C-C-CH=C-C-) ; 
t l 
M a s s ( r e l . i n t . ) : m/z 3 3 4 ( M * ' ) , 2 4 5 ( 1 2 ) , 2 4 4 ( 1 0 0 ) , 229 
( 1 2 ) , 2 0 2 ( 1 9 ) , 1 8 7 ( 9 0 ) , 1 6 0 ( 1 9 ) , 9 3 ( 3 2 ) , 
7 7 ( 3 0 ) and 6 5 ( 3 2 ) . 
(Found: C, 67.9» H, 4 . 5 ? N, 8 . 4 0 , C^^H^^O^Np r e q u i r e s C, 6 8 . 2 5 ; 
H, 4 . 2 2 ; N, 8 . 2 5 %). 
R e a c t i o n of (103) w i t h h y d r o x y l a m i n e h y d r o c h l o r i d e . 
Fo rma t ion of TLN-2(121) . 
1.0 g of (103) was t r e a t e d i n e t h a n o l (20 ml) w i th an 
e q u i m o l a r amount of h y d r o x y l a m i n e h y d r o c h l o r i d e ( 2 6 5 mg) f o r 
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three hours on a boiling water-bath. On concentration and 
cooling of this solution a solid separated which was recrys-
tallised from chloroform to give 2',7-dimethyl-3-isoxazole-2-
oxopyranor4,3-b3 pyran-2-one (121) as light yellow shining 
crystals(675 mg), m.p. 258-60»C. 
Spectral data: 
UV(MeOH) \ax I 230, 285 and 380 nm. 
IR(NuJol)^max : 1760, 1725(broad), 1630, 1600, 1380, 
1360, 1340 and 1320. 
1 9 
'H NMR(60 MHz) : 6 2.40(6H, S, 2X=C-CH^); 6.7(1H, S, 
I . II V TFA^ 
-C-CH-); 7.2(1H, s. -C-CH-C-); 8.65 
(1H, s, -C-C-CH=C-C-). 
II I 
Mass(rel.int.) : m/z 259(M**, 100), 244(6), 231(8), 
218(22), 162(44), 134(21), 120(21), 
106(21) and 82(81). 
(Found: C, 60.43» H, 3.42; N, 5.38, C^,Hg0^N requires C, 60.23; 
H, 3.50; N, 5.40 %), 
Reaction of (103) with ammonia gas 
Formation of TLN-3(123). 
1.0g (103) was taken in 200 c.c. of dry methanol in a 
round bottom flask. It was magnetically stirred while ammonia 
gas was passed through it which resulted in the gradual disso-
lution of the starting material and the change of colour from 
light yellow to blood red. The reaction was stopped when no 
more ammonia was absorbed and the reaction mixture kept overnight 
1^0 
at room temperature. The solvent was then removed in vacuo, 
and residue diluted with water and extracted with ether 
followed by chloroform. 
The residue obtained on removal of solvent from both 
solution was chromatographed over silica gel column using 
chloroform as eluant to afford 3 ,7-dimethyl-10H-pyridino 
f3,2-c; 5,b-c'] dipyran-1, 9-dione (123) as only pure compound 
(80 mg), m.p. 185-90«C. 
Spectral d a t a ! 
IR(KBr)^ max : 3300, 1710, 1650, 1570 and 1420. 
''H NMR(60 MHZ) : 6 2.14(6H, s , 2x=C-CH,); 3.3(2H, s . 
CDC1,+ DMS0*^ 6 I ' i i 3 ' 3 " -C-CH2-C=), 5.63(3H, s , 2x-C=CH-). 
M a s s ( r e l . i n t . ) : m/z 240(M'^* , 100) 230(21) , 202(20) , 
187(91).and 93 (50 ) . 
(Found: C, 63 .06; H, h,9i N, 5 .64, C^^H^^O^N r e q u i r e s C, 63.67; 
H, 4 .52 ; N, 5.72 %), 
React ion of 3-formylchromone with 4-hydroxy-6-methyl-2H-pyran-2-
one. 
Formation of AMZ-1(125). 
3-fonnylchromone(700 rag) was d i s s o l v e d in e thano l and 
an equimolar amount of 4-hydroxy-6-methyl-2H-pyran-2-one added. 
This s o l u t i o n which turned deep yellow r e f l u x i n g on b o i l i n g 
w a t e r - b a t h fo r 2 hours was allowed t o s t and ove rn igh t . A s o l i d 
was depos i t ed which was f i l t e r e d t o a f fo rd a-(chromone-3 y l ) - 3 -
Hi 
Salicoylethylene (125) as yellow feathery needles (100 mg), 
m.p. 175-80«»C. 
Spectral data; 
UV(MeOHO ^max 
IR(NuJol) **Dlfix 
''H NMR(300 MHZ) 
IMS0^6 
M a s s ( r e t . i n t . ) 
245 and 280 nm. 
3550, 1650, 1640, 1625, 1550 and 1500. 
6 12.8(1H, s, Ar-OH); 8.8(1H, d d ) ; 
8.3(1H, d d ) ; 7.45(1H, s , C-?)? 6 . 8 -
8.2(8H, m, Ar-H). 
m/z 292(M*', 100) , 187(10) , 172(100), 
171(100), 121(100), 120(39) , 115(69) , 
93(55) , 92(62) and 65(100) . 
(Found: C, 73 .84 ; H, 4 . 2 5 , C^gH^20^ r e q u i r e s C, 73 .96 ; H, 4.1496). 
The above r e a c t i o n was repea ted with a c e t i c ac id (4 drops) 
r e p l a c i n g the l a c t o n e . The co lou r of r e a c t i o n remained l i g h t 
yel low, work up a f t e r s t and ing overn ight gave a-(chroraone-3 y l ) -
0 - s a l i c o y l e t h y l e n e (125) . 
React ion of 3-forniylchronaone with 4-hydroxycoumarin. 
Formation of AMZ-2(128). 
928 mg of 3—formylchromone and equimolar amounts of 
4-hydroxycouraarin ( 1 . 0 g) were d i s so lved in e thano l (30 ml ) . 
The s o l u t i o n was re f luxed on a b o i l i n g w a t e r - b a t h . A yellow 
s o l i d s t a r t e d s e p a r a t i n g out with in l / 2 hour, and the process 
i s completed a f t e r 1 hour on w a t e r - b a t h . The r e a c t i o n mixture 
was cooled , f i l t e r e d , R e c r y s t a l l i s a t i o n from chloroform-methanol 
14, 
afforded 3-(2-hydroxybenzoyl)-4H-r1] (benzopyran-4-one-3yl)-2 
H-[1] pyrano [3,2-b][1] benzopyran-^-one (128) as yellow 
granular solid (1.275 g) m.p. > 350»C. 
Spectral data: 
UV(MeOH) '^tnax : 920 and 300 nm. 
IR(NuJol) "^ max : l660(br.), 1600, 1560, 1380, 1350 and 
1310. 
''H NMR(100 MHz) : 6 6.12(1H, d, J=1.56 Hz), 7.25(1H, s, 
^^° c-2), 7.1-8.0, (14H, in, Ar-H • -C=C-). 
Mass(rel.int.) i m/z 46^(M'*"* , missing), 463(7), 342, 
320(5), 319(17), 318(78), 292(22), 
262(90), 162(60), 142(45), 120(100).and 
93(42). 
(Found: C, 66.75» H, 3.81, C2QH^g0y requires C, 72.41; H, 3.47%). 
Formation of (128 b). 
The reaction was conducted with 6,7-dimethyl-4-hydroxy-
coumarin exactly as with unsubstituted coumarin afforded 
6',7',7,8-tetramethyl-3-(2-hydroxybenzoyl)-4H-rl] (benzopyran-
4-one-3yl)-2H-f1] pyrano(3,2-b)ri] benzopyran-5-one (128 b) as 
yellow granular solid (1.167 g), m.p. > 360*C. 
Spectral data: 
UV(MeOH) ^ max : 225 and 293 nm. 
IR(Nuool) ^ max I 1660 (br.), 1620, 1560, 1500, 1380, 
1350, 1310, 1250, 1230, 1190, 1165 and 
1150. 
14 
H^ NMR(60 MHz) : 6 2 . 4 0 ( t 2 H , s , Ar-CH^); 6.10(1H, s) ,>7.0-
8.1(11H, m, Ar-H). 
Mass ( r e l . i n t . ) .' m/z 520 (M** , m i s s i n g ) , 519(6 ) , 463(6 ) , 
348(22) , 347(99) , 318(29) , 291(85) , 
189(60), 170(22) , 148(100) , 120(32),and 
91(42) . 
Methylat ion of AM2-2 with Ag^O/CH^I 
Formation of AMZ-2Me(l37). 
A mixture of AMZ-2(1.0 g ) , CH^l(2 ml) and AgpO(2.0 g) 
in chloroform (30 ml) was s t i r r i e d fo r 2 hours a t room tempera-
t u r e . After adding a d d i t i o n a l Ag20(500 mg) the r e a c t i o n was 
cont inued for another 5 hou r s . The r e s u l t a n t mixture was 
f i l t e r e d and the residue(AgpO) washed t h r e e t imes with chloroform. 
Combined f i l t r a t e s were concen t ra ted i n vacuo t o give a gummy 
mass which sub jec ted t o chromatography over s i l i c a g e l column t o 
removed the base i m p u r i t i e s . R e c r y s t a l l i s e d with b e n z e n e - l i g h t 
petroleum e t h e r t o afford 5- r4-methoxycoumar in-3yl ] -2- (? ' -methoxy-
benzoyl)-1-hydroxy {;1] (benzopyran-4-one-3yl ) propene-2 (137) , 
500 mg, m.p. > 300»C. 
Spectral data: 
UV(MeOH) ^ max ; 225, 274 and 307 nm. 
IR(KBr) ^ raax : 3450, 1720(br.), 1650, 1620, 1575, 
1475, 1400, 1360, 1330, 1290, 1200, 
1170, 1150 and 1110. 
''H NMR(60 MHz) : 6 4.1(6H, s, 2x-0CH,), 6.25(lH, s, 
d ~^ 
TFA ' 
-CH-OH), 7.2 - 7.94(13H, m, Ar-H); 8.2 
(1H, s). 
1 I f 
Mass ( r e l . i n t . ) m IT. 5 1 0 ( M * * , m i s s i n g ) , 509(5) , 508 
(10) , 476(9) , 462(20) , 461(45) , 319(5) , 
173(20), 120(5) and 78(100) . 
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